Background: Baby boomers are at increased risk for hepatitis C virus (HCV) infec-
| INTRODUCTION
Liver cancer is 1 of only 3 cancers that have increased in incidence and mortality in the United States over the last decade. 1 Approximately half of all liver cancers in the US are caused by hepatitis C virus (HCV) infection. 2, 3 Early detection and treatment of chronic HCV infection can reduce cancer incidence by 75%, 2 but ~50%-75% of those with HCV are unaware of their infection. 4, 5 Individuals born between 1945
and 1965 (ie, baby boomers) have nearly 5 times the prevalence of HCV infection compared to other birth cohorts. 6 Almost half of those infected report no risk behaviors and are unlikely to be identified without an age-targeted screening program. 7 In Florida, approximately half of chronic HCV cases are in individuals over 50 years old. 8 Therefore, in 2012, the Centers for Disease Control and Prevention (CDC) augmented their risk-based HCV screening recommendation to include 1-time universal screening for everyone born 1945-1965, 7 and the United States Preventive Services Task Force (USPSTF) issued a similar statement the following year. 9 However, nationally representative data from 2015 indicate less than 13% of baby boomers had ever been screened and rates have not meaningfully increased over time since the recommendation was issued in 2012. 10 Recent advances, such as rapid finger stick HCV testing and direct acting antivirals (DAAs), with cure rates over 95% for treating HCV infection, lead to optimism that HCV related diseases can be reduced. However, achieving this goal is dependent on providers adopting public health recommendations to screen eligible patients for HCV infection. [11] [12] [13] [14] Therefore, the primary aim of this study was to assess the prevalence of provider HCV screening orders using a large health system in Florida to establish a baseline from which to monitor future intervention effects. An additional aim was to assess factors associated with HCV screening tests ordered.
| MATERIALS AND METHODS

| USF health system and EMR
We conducted a retrospective cohort study examining electronic medical records (EMR) for patient visits during the 2-year period between August 1, 2015 and July 31, 2017 within the University of South Florida (USF) Health system. Our outcome of interest was whether a patient had HCV screening ordered by their provider and the exposure of interest was birth cohort. USF Health is the largest physician group in the Tampa Bay area with 400 practicing physicians and 506 897 outpatient visits in 2015. The practice has used an EMR for more than 10 years, and has used Epic since August, 2015.
As Epic compiles comprehensive health services data, which facilitates evaluation of procedures such as HCV screening, we restricted this analysis to the 2-year time period immediately following implementation of Epic at USF Health. Clinical data from 1 139 858 unique patients are kept in a searchable data warehouse that can be downloaded for health services research. HCV screening is included in the health maintenance tab in the EMR of all patients born between 1945 and 1965. This tab reminds physicians that all age-appropriate patients are due for HCV screening. Only patients over 18 years of age were included in the analyses. EMR data included information regarding the encounter type (eg, office visit, surgical consult, etc) and provider type (eg, physician, physician assistant, and nurse practitioner). Before applying our exclusion criteria, the entire beginning dataset for this study included more than 150 000 individual patients, 823 000 clinic visits, and 4 million procedure codes. Specifically, we focused on whether HCV screening was ordered by the provider. The study was approved by the Institutional Review Board at USF.
| Clinical data extraction
We used the EMR data repository to identify all completed patient encounters from August 2015 through August 2017. Patients were stratified by birth cohort: those born before 1945, those born between 1945 and 1965, those born between 1966 and 1985, and those born after 1985. Because the recommendation for universal screening is only for the 1945-1965 birth cohort; including the other cohorts provides a point of comparison to assess whether the 1945-1965 cohort demonstrates an increase in increased relative to older and younger birth cohorts. Patients who only had visit types (eg, billing encounter), clinician types (eg Psychology Resident), or specialty types (eg, Podiatry) not relevant to primary care visits were eliminated from universally for all of their baby boomer patients. Continued efforts to increase HCV screening are needed to reduce the incidence of HCV-related morbidity and mortality.
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cancer screening, electronic medical records, health care utilization, hepatitis C, hepatocellular carcinoma, viral hepatitis the dataset. We included patients who saw either a primary care provider (eg, family medicine, general internal medicine) or a relevant specialist (eg. gastroenterologist, infectious disease specialist, etc). To assess HCV screening we used procedure codes included in the EMR. For a step-bystep flowchart illustrating study inclusion and exclusion, please see Figure 1 .
| Variable description
All HCV antibody screening tests ordered during any patient encounter in the 2-year study period were identified. This was coded as a binary yes/no variable. Factors examined for association with HCV test ordering among baby boomer patients included: patient age, race/ethnicity, sex, and preferred language. We also assessed healthcare factors including the patient's health insurance coverage, number of primary care visits during the 2-year study period, and the number of visits to a specialist during the 2-year study period. Lastly, we assessed factors that typically result in higher percentages of HCV screening including positive HIV status, previous diagnosis of hepatitis, and an indication that they live with someone with hepatitis. 
| Data analyses
First we described demographic, medical, and risk variables (eg, lives with someone with hepatitis) for the entire sample stratified by birth cohort. We then assessed the percentage and 95% confidence interval of patients who had an HCV screening test ordered stratified by study year and birth cohort. To assess HCV screening among average-risk patients, we restricted the analysis to patients that had no established HCV or liver disease risk factors other than age (ie, HIV positive, history of liver cancer, history of hepatitis, lived with someone with hepatitis), and assessed frequency of HCV screening test ordered by year and birth cohort. We further examined frequency of HCV screening test ordered by selected demographic characteristics among average risk baby boomers. Finally, to identify factors independently associated with HCV screening test orders among average risk baby boomer patients, we conducted multiple variable logistic regression analysis. A significance level of 0.05 was utilized and all statistical analyses were conducted with SAS, version 9.4.
| RESULTS
| Study Population
The final analytic sample consisted of 8945 patients born before 1945 (mean age = 77.9; SD = 5.6), 24 222 baby boomers (mean age = 60.2; SD = 5.9), 20 698 patients born between 1966 and 1985 (mean age = 39.6; SD = 5.9), and 11 249 patients born after 1985 (mean age = 24.3; SD = 3.6). There were more females than males in every birth cohort, with the youngest age group having the highest proportion of females (74.7% female). Approximately 95% of the sample indicated their language preference was English, regardless of age. The majority of patients in the oldest birth cohort had Medicare insurance coverage (88.4%) compared to private insurance in the other three younger birth cohorts. For a full description of the sample, see Table 1 .
| Frequency of HCV screening test orders
The proportion of patients receiving an order for an HCV screening test significantly increased from year 1 to year 2 for those born before 1945 (P < 0.0001), did not change among This table represents the entire study population, including high-risk patients those born 1966-1985 (P = 0.08), and significantly decreased among those born after 1985 (P < 0.0001). The proportion of baby boomers receiving an order for an HCV screening test significantly increased from 4.0% in the first year of the study period to 12.9% in the second year of the study period (>threefold increase; P < 0.0001). When we restricted the analyses to only include average risk patients, the proportion with HCV screening tests ordered was comparable to the results in the overall population, possibly due to the small number of high risk patients ( Table 2 ). Percentage of average risk baby boomers receiving an order for HCV screening by selected demographic characteristics (sex, preferred language, and race/ethnicity) are presented in Figure 2A- 
| Factors independently associated with HCV screening test orders
Factors associated with HCV screening test orders among baby boomers in are reported in Table 3 unknown provider type (aOR = 0.16; 95% CI = 0.08-0.33).
For results of the regression analyses of the other three birth cohorts, see Appendices S1-S3.
| DISCUSSION
Patients in our study had similar percentages of HCV screening ordered as compared to self-reported national data reporting rates of HCV screening. 10 In both the EMR-verified and the self-reported national data, HCV screening was well below the CDC and USPSTF screening guidelines for universal screening of baby boomers. 7, 9 Healthy People 2020 has a goal of increasing the number of people who are aware of their HCV infection from 53% to 60% 15 ; this is unlikely to happen without additional intervention. Several factors were associated with increased HCV test orders in our study. As in national samples, men had a higher proportion of having screening ordered than women. 10 This could be for several reasons. One possibility is that physicians continue to screen their patients based on perceived risk, as opposed to universally screening all baby boomers. It may be that providers have the opinion that men engage in riskier behaviors than women. 16 There is also the possibility that men are being screened as a result of abnormal bloodwork; men have a higher incidence of liver cancer, viral hepatitis, and are more likely to die from chronic liver disease than women. 17, 18 However, research also indicates that postmenopausal women have higher rates of fibrosis progression in chronic HCV infection than younger women. 19 Therefore, physicians should be made aware that as women enter menopause, their rate of progression to liver disease will increase, emphasizing the importance that baby boomer women be screened for HCV. Additionally, odds of having an HCV screening test ordered differed by insurance type. Patients with private insurance or a Medicare supplement had the highest odds of receiving a referral for HCV screening. In this patient population, individuals with military insurance had lower odds of screening. The lower odds of screening may be due to patients having received HCV screening at a VA facility in the past, resulting in that screening test not being captured in our dataset. Recent research shows that patients receiving care at a Veteran's Affairs (VA) Hospital have higher rates of HCV screening as compared to the general population. 20 HCV screening has been part of a National Hepatitis Screening Program at the VA since 1998, and between 1998 and 2012 the military had much broader recommendations for HCV screening than the national recommendations at that time. 21 The higher screening rates for patients at a VA contrasted with the low screening prevalence for patients in our sample with military insurance likely indicate that the type of insurance is not limiting, but rather, the location at which the patient received the screening test.
Patients who saw a primary care provider had more than 3 times the odds of receiving HCV screening orders than those who saw specialists only. This association remained significant after adjusting for the total number of visits; therefore, it is not simply a reflection of increased odds of screening due to increased provider encounters. Preventive medicine is a major component of primary care provider practice, compared to specialty care where routine screening recommendations outside of their specialty are unlikely to be addressed. 22 Data from this study indicate the need and importance of patients having a routine source of health care, particularly primary care services. Additionally, if a patient saw only advanced practice professionals (APPs; eg, nurse practitioners, physician assistants, etc) and not physicians, they had significantly lower odds of screening. This may be because a patient is more likely to see an APP for an acute visit where preventive health maintenance is generally not addressed. 23 This is among the first studies to use EMR-verified HCV screening to establish baseline screening prevalence in a large clinic population. The results identify areas for future intervention efforts. However, study findings should be interpreted in light of some limitations. Although our dataset was large and the sample was diverse, it was based on a single healthcare system. We are not able to access patient data outside of our health system so it is possible that the patients in our dataset received HCV screening elsewhere, such as VA facilities in the past. Furthermore, we are not able to assess the reason the provider ordered HCV testing and it is possible some of the HCV testing ordered was for diagnostic purposes, rather than for universal screening. Additionally, we are only able to access screening information after the implementation of the Epic EMR system in August 2015. Patients screened prior to this date were not captured in our dataset. However, our estimates are similar to national data that reported ~12% of baby boomers had been screened by the end of 2015.
10 Therefore, our results were unlikely to have been significantly affected by this limitation. Additionally, because this is a retrospective review of EMR data, our results are limited by physician recording and proper EMR documentation. However, because this is EMR data, these data are not limited by patient reporting, or recall bias. While this study does have some limitations, it offers valuable insight into factors associated with patients referred for HCV screening and identifies areas for future intervention efforts. First, our data support the need for patients to have adequate access to primary care. The lower odds of screening among patients who only saw specialists indicate a need for patients to see a primary care provider to ensure screening and increase screening rates in the baby boomer population. Second, future studies could focus on increasing HCV screening during acute visits, increasing screening among women, and emphasizing to providers that baby boomers should be screened for HCV regardless of whether they report risk behaviors. Through continued efforts to increase HCV screening among baby boomers and treat HCV-related disease across the cascade of care, we have the opportunity to reduce the incidence of HCV-related morbidity and mortality for a significant proportion of the population.
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